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2+
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Kv voltage-gated potassium channel 电压门控型钾通道  
LVA low-voltage activated 低压激活钙离子通道  




N-J neighbor-joining 邻位相接法 
















PCR polymerase chain reaction 聚合酶链反应 
RACE rapid amplification of cDNA ends 快速扩增 cDNA 末端 
RCK regulator of conductance of potassium 钾电导调节元件 
RPA RNase protection assays RNA 酶保护检测法  
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SKCa small conductance calcium-activated 
potassium channel 
小电导钙激活钾通道  
TEA tetraethylammonium 四乙胺 
Tm melting temperature 退火温度 




















电压门控钙通道 β 亚基基因开展了克隆与表达的研究。主要结果如下： 
1) 获得拟穴青蟹钙激活钾通道基因（SPSlo）的 6 种剪接异构体（splice 
variants），并发现 7 个选择性剪接位点。SPSlo 的 cDNA 全长为 5882~6095 bp，
5′-UTR 为 169 bp，3′-UTR 为 2419 bp，开放阅读框为 3294~3504 bp，编码的多
肽由 1097~1168 个氨基酸组成。得到拟穴青蟹电压门控钙通道 β 亚基基因
（SPCavβ）的 6 种剪接异构体，发现 3 个选择性剪接位点。SPCavβ 的 cDNA 全
长为 2042~2477 bp，5′-UTR 为 416 bp，3′-UTR 为 549 bp 或 205 bp，开放阅读框
为 1359~1659 bp，编码的多肽由 452~526 个氨基酸组成。 
2) 同源性分析显示，SPSlo 和 SPCavβ 均与其它物种的相应氨基酸序列具有
很高的相似性，在生物进化过程中是非常保守的。系统进化树构建发现，两种基
因的分子分类地位与现存物种的分类学地位一致。 
3) 采用实时定量 PCR 方法分析 SPSlo 和 SPCavβ 在拟穴青蟹中的时空表达
特征，结果显示 SPSlo 和 SPCavβ 广泛分布于成体各组织器官中，且均在脑中高




SPCavβ 作为 SPCav 的重要组成，可能在青蟹卵母细胞的成熟过程中发挥作用。 
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Abstract 
Ion channel is a type of membrane protein located in cell membrane, providing a 
path for the transmembrane transport delivery of various inorganic ions. The main 
function of the ion channel is to activate intracellular various important intracellular 
physiological activities, by controlling the flow of ions into and out of the cell to start 
the intracellular signal transduction system. By far, only a few researches were carried 
out on crusatceans. In this paper, we have isolated the genes of large-conductance 
calcium-activated potassium channel (BK/Slo) and voltage-gated calcium channel β 
subunit (Cavβ) from the mud crab Scylla paramamosain using RT-PCR, RACE and 
end-to-end PCR. Moreover, their expression in different tissues and ovarian 
development stages was explored. The main results are offered as follows: 
1) We obtained six full-length splice variants of SPSlo and found that there were 
seven alternative splicing sites in each splice variant. The full-length cDNAs of SPSlo 
gene were 5882~6095 bp, containing a 5′-untranslated region (5′-UTR) of 169 bp and 
a 3′-UTR of 2419 bp. The open reading frames (ORFs) of 3294~3504 bp encode a 
number of polypeptides containing 1097~1168 amino acids. 
2) Six full-length splice variants of SPCavβ were obtained and three alternative 
splicing sites were found in each splice variant. The full-length cDNAs of SPSlo gene 
were 2042~2477 bp, containing a 5′-UTR of 416 bp and a 3′-UTR of 549 or 205 bp. 
The ORFs of 1359~1659 bp encode a number of polypeptides containing 452~526 
amino acids. 
3) The homologous analysis and the construction of phylogenetic trees showed 
that SPSlo and SPCavβ have remarkable similarity with other correspondent amino 
acids. Both of them are conserved and in conformity with traditional taxonomic 
relationships. 
4) Quantitative real-time PCR was used to analysis the expression of SPSlo and 
SPCavβ in different tissues and ovarian development stages of S. paramamosain. The 
results showed that SPSlo and SPCavβ were widely distributed in different tissues and 
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important functions in the brain. During ovarian development, the expression of 
SPSlo was significantly high in early-developing stage (Stage Ⅱ) and developing 
stage (Stage Ⅲ). This implicated that SPSlo may be closely related to the proliferation 
of oogonia and the pogesterone synthesis in the progress of ovarian development. In 
the case of SPCavβ, its expression increased during the ovarian development, and 
reached a peak level at nearly-ripe stage (Stage Ⅳ), and decreased at ripe stage (Stage 
Ⅴ). As an important component of SPCav, SPCavβ may play an important role in the 
progress of oocyte maturation in the mud crab. 
We have cloned a series of full-length splice variants of SPSlo and SPCavβ 
respectively and studied the expression of these two genes. These results can help 
to reveal physiological mechanism of mud crab from molecular and cellular level, 
thus have significant meaning in understanding the mechanisms of growth and 
reproduction in S. paramamosain. 
Keywords: Scylla paramamosain; SPSlo; SPCavβ; ovarian development; molecular 

























研究中发现了生物膜离子通透性的改变。Bernstein 于 1902 年提出膜学说，
并指出神经细胞膜对钾离子具有选择通透性[2]。1952 年 Huxley 与 Hodykin
运用电压钳技术，在枪乌贼神经轴突上对细胞膜的电导和离子电流进行了
细致的研究，发现 Na+、K+的电流和电导是膜电位与时间的函数，并首次提
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1.2 钙激活钾通道 


















导钙激活钾通道（large-conductance Ca2+-activated K+ channels，BKCa 或 Slo）、
中电导钙激活钾通道（intermediate Ca2+-activated K+ channels，IKCa）和小电
导钙激活钾通道（small conductance Ca2+-activated K+ channels，SKCa）。Slo 通
道单通道的电导为 100~250 ps，可被膜去极化和细胞内钙离子激活，非洲蝎
毒（iberiotoxin，IbTX）是其最常用的阻断剂，主要存在于神经元和平滑肌
细胞。IKCa 通道单通道的电导为 11~40 ps，主要表达于各种血细胞包括 B
淋巴细胞、T 淋巴细胞、红细胞、巨噬细胞和中性粒细胞，以及周围组织如
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1.2.2 钾通道的表达分布  
钾通道的表达并不是均衡的,具有明显的多样性与特异性。Wickenden 发
现，在大鼠不同发育阶段的心脏中，钾通道的表达存在很大的差异。以 Kv1.4、
Kv4.2 和 Kv4.3 为例，三者均可形成短暂外相型钾电流（transient outward 
potassium current，Ito），用 RNA 酶保护检测法（RNase protection assays，
RPA）检测三种钾通道在新生大鼠心肌细胞中的表达情况，发现 Kv1.4 mRNA
表达水平在出生后 0~10 天很高；而在成年后（8~12 周）降至很低的水平,
几乎不参与 Ito 的形成[21]。Derst 等用荧光定量 PCR 方法研究 Kir7.1 在豚鼠
的各组织器官中的表达时发现：Kir7.1 在脑、肾和肺中表达强烈，在心脏、
骨骼肌、肝、脾中表达则很弱 [22]。在同一器官内，不同的钾通道表达也存
在较大的差异。如 Kv1 家族在心房肌的表达比心室肌高 70%，而 Kv4 家族
在心房肌的 mRNA 水平比心室肌低 2 倍。即使在同一组织内部的不同区域，
钾通道基因的分布与表达也可以存在很大的差异。以 Kv1.4 和 Kv1.4 为例，
在小鼠左心室，Kv1.4 主要是在间隔部表达，而 Kv1.4 则在左室间隔部和心
尖部均有较多表达 [23]。     
1.2.3 钙激活钾通道结构与功能 








S9、S10 形成的尾区结构中存在着 Ca2+结合位点-钙池（calcium bowl），此
区域富含负电荷残基（多为天冬氨酸），被认为是 Ca2+的高选择区域 [28,29]。
KCa 通道的四聚化是由结合区介导的，KCa 通道中该结合域被称为 BK-T1，
位于 S6、S7 之间[30]（如图 1-1）。α 亚基四聚体是 KCa 通道的基本结构单
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